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INTRASPECIFIC CHEMICAL COMMUNI-CATION BY
One problem in furthering the study of territorial communication in salamanders has been uncertainty as to the source(s) of territorial pheromones. Are pheromones produced by nonmodified integumental (mucous and serous) glands, by specialized glands in the integument (e.g., analogous to the caudal hedonic glands that are used in courtship; Sever, 1989), by specialized glands in the cloaca, or by breakdown products of the feces per se? Simon and Madison (1984) and Jaeger (1984) believed that glands in the cloaca produce territorial pheromones, and Jaeger (1984) mistakenly (Simons and Felgenhauer, 1992) described "cloacal tapping" as a means by which red-backed salamanders place pheromones on the substrate.
Simons and Felgenhauer (1992), however, have histologically distinguished a complex of simple acinar glands that occurs posterior to the cloaca of P. cinereus, which they named the postcloacal gland. Their behavioral tests showed that males spent significantly more time investigating swabs rubbed over this gland (from other males) compared to control swabs. They consequently suggested that the postcloacal gland (not the cloaca) is one source of territorial pheromones and that secretions from this gland are placed on the substrate (by "postcloacal press") and on fecal pellets as territorial advertisement.
We tested this inference by Simons and Felgenhauer (1992) as part of our larger experiment on the influence of territorial quality (food types) on agonistic behavior by territorial residents and intruders. We knew from prior work (Gergits and Jaeger, 1990) that individuals of P. cinereus often nose tap each other during territorial conflicts. We, therefore, hypothesized that, if the inference by Simons and Felgenhauer is correct, then nose taps would be preferentially directed toward the area of the opponent's body containing the postcloacal gland.
Materials and methods. -Adult males ofP. cinereus, all with tails intact (no autotomization), were collected at Hawksbill Gap off of Skyline Drive (Blue Ridge Mountains), Shenandoah National Park, Virginia, in Sept. 1991. They were returned to the laboratory, housed individually in petri dishes (14.0 x 1.5 cm) with one layer of damp filter paper, kept at 16 C with a 12L:12D photoperiod, and fed Drosophila virilis ad libitum until utilized in the experiment (Dec. 1991-March 1992). We report here only those methods of the experiment applicable to testing the hypothesis stated above.
Males were grouped by snout-vent length (SVL) and then were randomly paired, within groups, such that a future territorial resident and future intruder differed by no more than 2 mm SVL. We, thus, attempted to eliminate body size as an asymmetry in the forthcoming territorial contest (Maynard Smith and Parker, 1976). Each member of a pair was placed in a separate, but identical, chamber (31.5 x 17.0 x 1.0 cm) with a sheet of damp paper towel on the substrate and a glass lid. The future intruder was fed Drosophila virilis; the future resident was fed ants (Solenopsis molesta) or termites (Reticulitermes) or a combination of both, thus varying territorial quality for the resident (Walls et al., 1989). For purposes of testing our hypothesis, we do not differentiate among these feeding regimens. The salamanders were fed every second day in their chambers, were kept on a positive energy budget, and were maintained for six days at 16-21 C on a 12L:12D photoperiod. Six days provided adequate time for the salamanders to establish territories by marking them with pheromones (Jaeger, 1981).
On the sixth day (1400-1800 h), the resident was removed from and returned to his own chamber, being placed under a habituation lid (5.0 x 1.0 cm) on a randomly chosen end of the chamber; the intruder was removed from his chamber and was placed in the resident's chamber under an identical habituation lid on the opposite end of the chamber. After 15 min of habituation, the two males were released, and we monitored their interactions for 30 min. We conducted 51 paired trials.
We noted each time that a resident touched the intruder, or that the intruder touched the resident, with his nasolabial cirri (termed "touch"). We also noted the area of the opponent's body that was touched. To do this, we visually partitioned the body into five equal segments: (1) from the snout to the posterior articulation of the front limbs with the body, (2) progressively to the midtrunk, (3) to posterior of the cloaca, (4) to the proximal half of the tail (which contains the postcloacal gland), and (5) to the distal half of the tail. Our prediction, based on Simons and Felgenhauer (1992), was that most touches would occur at segment 4.
We also recorded as "contact" any physical meeting of the resident and intruder (excluding a bite), whether or not it involved the nasolabial cirri. We could then investigate whether contacts were related to the propensities of the 51 paired residents and intruders to bite. Such a comparison could not be made with "touch" per se, because the 26 paired contests involving touch yielded insufficient bites for analyses.
Results. -The 51 paired trials yielded a total of 54 touches with the nasolabial cirri by residents toward intruders and 51 such touches by intruders toward residents (Table lA) . The residents showed preferences for touching both segments (4 and 5) of the intruders' tails whereas the intruders showed clear preferences for touching the proximal segment (4) of the residents' tails. These data cannot be analyzed statistically due to multiple touches by some individuals, so we recast the data to reflect only the first touch by a resident toward his intruder or by an intruder toward the resident.
There were 26 first touches by the residents and 26 first touches by the intruders (Table 1B) . Using one-sample chi-square tests (Siegel, 1956), the residents exhibited a significant deviation from equiprobable touches to the five segments of the bodies of intruders; segment 4 received 50% of the first touches. The intruders also deviated significantly from equiprobable first touches, and segment 4 received 50% of those touches as well. These data suggest that both residents and intruders prefer to investigate with their nasolabial cirri that portion of the opponent's body containing the postcloacal gland.
Our observations indicated that at least six intruders attempted to come into intimate contact with the postcloacal glands of residents. These individuals, when touching segment 4 with their nasolabial cirri, shoved their snouts under the tails of the residents, as if trying to lift the tails, and placed their snouts at the position of the postcloacal gland. Two individuals continued to hold their snouts in this position when the residents moved away, following in parallel snout-to-gland for several seconds.
Residents bit (1-35 times) in 37% of the trials whereas intruders bit (1-46 times) in 10% of the trials (Table 2A-C) , and contacts occurred in 75% of the trials (Table 2A-B, D) . Both residents and intruders deviated from equiprobable distributions of behavior patterns shown in Table 2 . The important points are that (1) 25% of the residents and 24% of the intruders failed to engage in contact (Table 2C , E) and (2) if a contact occurred early in the contest, it resulted in a bite 10% of the time (Table 2A) and no bite 51% of the time (Table 2D) for residents and for intruders 4% and 69%, respectively. It was relatively rare that a resident or intruder would bite first and then engage in contact (14% and 2%, respectively: Table 2B ), but residents were seven times more likely to launch such a lightning attack. We infer, then, that a contact (which often involved a touch with the nasolabial cirri) tended to reduce escalation of a territorial conflict to the biting stage.
Discussion.-Our data demonstrate that territorial male residents and intruders ofP. cinereus aim their chemosensory investigations of each other at that portion of the body containing the postcloacal gland. This provides support for the assertion by Simons and Felgenhauer (1992) that the postcloacal gland in this species is involved in territorial advertisement. Furthermore, our data suggest that early contact (which may involve pheromonal evaluation) between residents and intruders lessens the likelihood of biting, especially by intruders. Simons and Felgenhauer (1992) suggested that the secretions from the postcloacal gland may provide individually unique signals, such that each salamander may have a different odor. In this way, the odor emanating from the postcloacal gland of a territorial resident and the odor previously placed by that gland on the substrate would provide consistent information to an intruder about the identity of the resident. Our data (Table 1A) 
